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Introduction
The occupational and sectoral choices of the millions of rural households in developing countries are important determinants of economic growth. In the context of traditional growth models where a rural economy is identified with activities solely in the agricultural sector, sectoral diversification is synonymous with rural to urban migration. However, the view that rural economies are purely agricultural has recently been questioned. Reardon et al. (2006) review survey evidence from a large number of developing economies and show that on average rural nonfarm income constitutes about 40 percent of household incomes. In Bangladesh, the share of nonfarm household income grew from 42 percent in 1987 to 54 percent by 2000 (Reardon et al 2006 , Hossain, 2004 .
Two types of factors, pull and push, induce households to diversify between farm and nonfarm activities. The pull factors include increasing demand, higher wage rates, and higher returns from nonfarm activities. High returns allow households to accumulate capital and invest in farm and nonfarm activities with high returns. This type of diversification requires access to credit, as well as physical, human and social capital and leads to higher growth.
Higher growth could also be achieved by focusing on a single occupation or sector. In this case household members can increase productivity and growth by learning from each other's experience. For example, two members of a household, say a father and his son, jointly decide on which sector to enter in order to maximize household welfare. If the son enters the same sector as the father, he will be able to pick up the necessary skills faster as he learns from his father's experience (Menon and Subramanian, 2008) . However, lack of access to credit and capital, and the presence of idiosyncratic and uninsured risks may push rural households away from focusing on a specific sector into diversified activities, thus compromising growth.
In rural areas, one important push factor is year to year variability in rainfall and associated farm-income variability. Households may engage in nonfarm activities with low risks even if they have low returns. In areas with poor agro-climatic conditions, risky agriculture, and no insurance markets, nonfarm activities allow households to cope with severe downturns in agricultural productivity (Reardon et al., 2006; Ellis, 2004) . Households pushed to diversify their activities may thus have lower returns and experience lower consumption growth in comparison to households that diversify due to pull factors. At the household level, diversification due to push factors may result in more income security but at the cost of a lower level of welfare and overall growth. The increased variability in rainfall that is usually associated with climate change 2 , implies that the prevailing risk mitigation strategies developed after years of exposure and experience with the prior climate regime may become less and less effective. Thus it is imperative to establish empirically whether 2 auxiliary government interventions can facilitate household adaptation to increased risks due to climatic change faced by households. If access to safety net programs, for example, is associated with a decreased role of push factors in the occupational choice of households participating in these programs, then there is credible evidence that expansion of the coverage of safety net programs is not only likely to protect household welfare but also enhance economic growth.
On the other hand, presence of idiosyncratic and common risks may push rural households from focusing on a specific sector into diversified activities. For example, households face year-to-year variability in local rainfall and associated variability in farm-income.
A Household's experience with the historical rainfall variability allows for coping strategies such as occupational focus or diversification. Households may anticipate and prepare for a certain level of rainfall variability and its effect on their livelihood. For example, local rainfall variability may have idiosyncratic effects on local agricultural production.
Bangladesh is one of the most flood-prone countries in the world (Yu et al, 2010) . The country is situated at the confluence of three major rivers -the Ganges, the Brahmaputra, and the Meghna and is intersected by more than 200 minor rivers. There are 54 rivers that enter Bangladesh from India alone. Over 90 percent of the Ganges-Brahmaputra-Meghna basin lies outside the boundaries of the country. Thus, flood in Bangladesh depends on the precipitation outside as well as inside its borders. Regional rainfall variability may have common effects on the probability of river-bank flooding.
Climate change model predict Bangladesh will be warmer and wetter in the future. Yu et al (2010) note that historical rainfall variability is substantial and greater uncertainty exits with the estimated magnitude of rainfall changes than temperature changes. If households base their occupational selections with lower welfare to cope with historical local rainfall variability, then climate change resulting in higher rainfall variability may imply further welfare loss to these households.
We study how rural households cope with historical rainfall variability in order to understand how long term changes in climatic parameters such as increase in local rainfall variability will affect household decisions and welfare. We focus on historical local rainfall variability and historically flood affected areas as measures of ex ante risks faced by rural households. The spotlight on long term historical rainfall variability distinguishes this study from others that look at rainfall and flood shocks and their aftermath. We establish how historical climatic patterns such as long term coefficients of variation in local rainfall and historically flood affected areas affect the choices of rural households' occupational selections.
High regional rain may or may not coincide with high local rainfall. River-bank floods may mask the effects of local rainfall variability in the flood prone areas and households may make occupational choices differently in historically flood prone areas. Separate analysis of historically flood prone and non-flood prone areas show local rainfall variability is a factor in household occupational selections only in non-flood areas.
We also look at the ex post realization of consumption welfare associated with occupational choices that may be determined by the flood and local rainfall variability risks. We investigate whether ex ante flood 3 and local rainfall variability risks reduce consumption welfare through occupational diversification choices. For example, if the households' adaptation strategy of occupational diversification is as productive as occupational focus, then we expect the ex ante flood risk indicator to have no effect on ex post household welfare. Alternately, if households' adaptation of diversification strategy is less productive than the strategy of occupational focus then households living in areas with higher climate variability are expected to have lower consumption welfare. We find that after controlling for other factors, households living in areas with high local rainfall variability have lower consumption. This study explains how rural households cope with two major ex ante climate risks, flood and local rainfall variability. Further, we examine how effective the households' as well as various policy actions are in mitigating these ex ante climate risks. In addition, it would serve as a useful addendum to the larger climate change-growth analysis being carried out for Bangladesh.
The rest of the paper considers the empirical underpinnings of the basic story outlined above in greater detail. Section 2 highlights the characteristics of Bangladesh and sets the contexts of flood and rainfall variability in the country. Section 3 describes the various datasets used in the analysis. Section 4 focuses on the methods and econometric specifications. Section 5 presents the main findings and results. Section 6 concludes.
Background
Bangladesh is widely recognized as one of the most climate vulnerable countries in the world. Climate change is expected to affect the country in many different ways. The Government of Bangladesh recognized the following likely effects of the climate change on the country in its 2009 Climate Change Strategy and Action Plan (MoEF 2009): Heavy and more erratic rainfall on the Ganges-BrahmaputraMeghna river catchment areas as a whole; lower and more erratic rainfall in northern and western parts of the country; melting of the Himalayan glaciers; increasing and frequent tropical cyclones; and sea level rise.
The Ganges-Brahmaputra-Meghna river catchment areas include parts of the Himalayas and other upstream areas in the neighboring countries. Heavy rainfall in these areas combined with the melting of the Himalayan glaciers, would lead to higher river flows and increased floods in Bangladesh 3 . Flood in Bangladesh is common and considered "normal." In an average year approximately one quarter of the country is inundated (Ahmed and Mirza 2000 , MoEF 2009 , Yu et al 2010 .
Agriculture is a key economic sector in Bangladesh accounting for nearly 20 percent of GDP and 65 percent of the labor force (World Bank 2008 , Yu et al 2010 . About 70 percent of agricultural GDP is attributed to crop cultivation. The effects of flood on crop cultivation and associated demand for labor depend on the intensity and timing of the flood. For example, flood in May-June or September-October may destroy dry or wet season crops respectively before harvest and thus reduce the wage employment opportunities (Banerjee 2007) .
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On the other hand, flood in July assist sowing of wet season rice by watering the fields (Islam et al 2004 , Quasem 1992 . Flood in August may wash away transplanted seedlings and increase the demand for labor when the water recedes and farmers replant their fields (Ahmed et al 2001) . The timing of normal flood may increase or depress agricultural labor demand; Banerjee (2007) finds long run wages are higher in the flood prone areas. While normal floods may increase agricultural productivity and wage employment opportunities, heavy flood such as those in 1998, 2004, and 2007 have immediate devastating effects on the households.
It is clear from the discussion above that flood water in the flood prone Upazilas is a substitute for monsoon rain during the planting season. As a result, Households in flood prone Upazilas are not as dependent on rain for their crop cultivation as compared with households in non-flood prone Upazilas.
Data
This study combines data from several sources such as Bangladesh Household Income Expenditure Survey of 2010 (HIES 2010), historical rainfall recorded at weather stations, rainfall data generated by Climate Research Unit (CRU) of the University of East Anglia, and flood data from Bangladesh Water Development Board. The HIES 2010 was a nationally representative survey undertaken in the 12 month period between January 2010 and January 2011. The original survey includes both rural and urban areas; however, we focus on 7,840 rural households from 333 Upazilas. Map 1 shows the location of the Upazilas included in the HIES 2010 survey.
The HIES 2010 collected detailed information about the economic activities of each members of the households it surveyed along with other household level information. To get to the sectoral focus and diversification of household members, we focus on the primary economic activity of working age (10-65) members reported for the past 12 months. Where the members reported multiple economic activities, the highest total man-hour for the economic activity was used to arrive at the primary economic activity of the individual. We compare the economic activities of non-head members with that of the head of the household and construct a set of sectoral focus indicators for each working non-head members. Low women's participation in economic activities in Bangladesh, by international standards, as reported in household surveys requires some explanation. Some of the low participation is likely due to a range of factors from tradition to low bargaining power of women in the household and society (World Bank 2008) . A part of low participation in economic activities may also be explained by low reporting of unpaid family work done by women in the survey. A recent survey seasonal economic activities in the monga region as well as a national Labor Force Survey (LFS) suggest women's participation in livestock rearing and other agricultural activities may be under reported in the current and previous HIES surveys ( World Bank 2008 , Mahadevan et al. 2012 . Table 1 shows the list of key variables and their descriptive statistics. The first set of variables are sectoral focus indicator for non-head members. The second set of variables include monthly per capita household consumption, access to credit and safety-net. The final set of variables are at the Upazila level: access to market, monsoon coefficient of variations, and historically flooded Upazilas. Household per capita monthly consumption expenditure measure is derived from the HIES 2010 survey as part of the poverty assessment. The consumption expenditure is deflated by rural Dhaka Division prices to account for regional price variations. We control for seasonal differences in consumption expenditure with three seasonal indicators; winter takes the value 1 for households surveyed in December-February, monsoon takes the value 1 for June-September, and autumn takes the value 1 for October-November, and 0 otherwise.
Access to credit is identified with the loan indicator variable that takes the value 1 if the household had taken any loans in the last 12 months from family, friends, micro-finance institutions, banks, or other sources. The safety net indicator variable takes the value 1 if at least one member of the household benefited from one of the safety net programs (See Table A2 in annex tables) and 0 otherwise.
The access to market index measures how easily people can reach markets; it is the sum of the population of the markets in the vicinity of a location inversely weighted by the travel time along the transportation network to these markets (Blankespoor and Yoshida, 2010) . The index was calculated with the negative exponential potential accessibility model for 202 markets with populations ranging from approximately 15,000 to 6,500,000 (Dhaka) and aggregated at the Upazila level. The access to market index is a continuous variable that takes values between 0 and 1. Map 2 shows the access to market index for various Upazilas in Bangladesh. The construction of local rainfall variability, and historically flood prone areas are described in detail below.
We control for other factors such as household age-group composition with three variables, number of females in the household ten years or older, number of males in the household ten years or older, and number of dependents. We include the number of household members between 10 and 65 engaged in agriculture in some of the specifications. Household level education is measured by the share of literates in the household (See Table A1 for a complete list of variables and their descriptive statistics).
We use a household wealth proxy with land ownership and livestock indicator variables. Land ownership takes the value 1 if the household owns more than the average land in the survey and 0 otherwise. The average land is the mean of land owned by the households that own land. Livestock indicator takes the value 1 if the household owns any livestock and 0 otherwise. Access to electricity and cell or land-line phones are used as measures of a proxy for access to infrastructure and communication. The Upazila population is expected to proxy for economic development.
Rainfall variability
We considered two sources of rainfall data. First, historical monthly rainfall data from 1948 to 2010 was from the Meteorological Department of Bangladesh for 35 weather stations around the country. The weather station data represents actual measured rainfall at the specific station and time and thus, are more accurate. On the other hand, substantial manipulation is needed to estimate rainfall at each Upazila from the weather station data. We used inverse distance weighted average of three nearest stations to estimate the rainfall for each Upazila for each month. However, this method does not control for altitude and other geographical characteristics and Upazilas near international boundaries do not take weather stations in other countries that may be closer than those in Bangladesh into account.
The second source of rainfall data is from the Climate Research Unit of the University of East Anglia. Estimated monthly rainfall for most of the world is available by the half degree resolution from 1902 to 2009. The CRU estimation combines weather station data with other information to arrive at the estimates. Previous versions of the CRU data were homogenized to reduce variability and provide more accurate estimation of mean rain at the cost of variability estimation. The version 3.1 data is not homogenized and thus allows for better variability estimates. The estimates of rainfall near international boundaries are not less reliable as compared with those in the interior of the country, as the CRU estimation utilizes data from all the weather stations in the region.
To arrive at the Upazila level rainfall estimates from the CRU data, we use area weighted averages. For example if an Upazila covers two half degree grid cells for which CRU has rainfall estimates. We use the average rainfall of the two grid-cells, where the weights are the proportion of the area of the Upazila in each grid-cell. Map 3 shows the locations of rainfall stations in Bangladesh in relation with the Upazilas and compares it with the 0.5 degree of the CRU rainfall data.
We use coefficient of variation as the measure of local rainfall variability. Bangladesh Water Development Board characterizes the 1998 flood as:
The 1998 flood in Bangladesh has been characterized as one of the catastrophic deluge on record. River water levels exceeded danger levels for country's all of the major rivers. It was combined with local rainfall in catchment areas of small rivers. All these influences including overbank flow and drainage congestion resulted in a flood that extended over most of the country with duration of weeks to months.
Thus, the 1998 flood indicator identifies historically flood prone areas for the whole nation. We identify an Upazila to be historically flood prone if 50% or more of the area in the Upazila were flooded during any of the three periods of August 26, September 10, and September 17 of 1998 for which the percent of Upazila flooded information is available. By this measure about 51 percent of the 333 Upazilas in the survey are historically flood prone. Historically flood prone and non-flood prone Upazilas are identified in Map 5. The map shows that the flood prone Upazilas are concentrated around the GangesBrahmaputra-Meghna river-basins.
Methodology

Occupational focus
We consider two types of occupational choices made by household members. First, a member may choose between the economic sector to work in such as agriculture, construction, transport and public utilities, manufacturing, trade and business, services, and others. The household member may also decide on the type of employment, and choose between wage and self employment. Sectoral diversification may be ideal when the risks are sector specific, such as flood and rainfall variability may affect agricultural and non-agricultural sectors differently. However, opportunities, access to human, 8 physical and social capital may limit the choices of sectoral diversification. Within the same sector diversification by employment type may not help mitigate all the risks associated with that sector. However, diversifying between wage and self employment may reduce some of the entrepreneurial risks of self employment.
For example, self employment in agriculture implies bearing higher risks and higher expected returns.
On the other hand wage employment may imply lower returns with lower risks. Diversification in employment types within the same sector such as agriculture allows better utilization of generational knowledge of the sector while reducing ex ante risks. For example, unusually high rainfall in the sowing and transplanting time for rice cultivation may require redoing some of these activities thus increasing demand for wage labor. Thus, while the labor cost for the self employed farmer increases, the opportunity and income of members in wage employed agriculture goes up.
We hypothesize that occupational choices of working members other than the head of the household (referred to as 'non-heads' from now on) are based on pull and push factors. As noted above two of the main sources of push factors in rural Bangladesh are floods and local variability of rainfall. That is, in historically flood prone Upazilas we expect more non-head members of households to choose occupations unrelated to agriculture. Or more generally, the head of the household and the non-head members will choose occupations in different sectors. Similarly, in Upazilas where variance of rainfall is high the head and non-head members of the household may diversify between sectors, self and wage employment.
We take into account the pull factor of occupational diversification by controlling for access to human and physical capital and infrastructure, such as education, ownership of land, and access to electricity, and phones. These factors help households to be "pulled into" high return occupationally diversified portfolio.
We test our estimation models with different indicators of within-household occupational and employment homogeneity, such as whether a non-head member chooses occupation in the same sector as the head of the household or if the head member and the non-head members are both in agricultural sector. The different indicators of within-household occupational and employment homogeneity are discussed in greater detail in the data section.
Thus, the indicator of within-household occupational and employment homogeneity is modeled using the following logit specification:
where P iju is the probability that non-head member i in household j in Upazila u has the same occupation or employment characteristics as the household head. X 1 iju , X 2 ju , and X 3 u are exogenous variables specific to member i, household j and Upazila u respectively. These variables include individual characteristics, like age and gender, household characteristics like land ownership, and education of the head, and Upazila characteristics, like population.
FLOOD u is the ex ante risks of flood measured by flood prone Upazila indicator variable for Upazila u and RV u is the ex ante climate risk measure, such as coefficient of variation or standard deviation of annual monsoon rain over the last 30 years in the Upazila u. The hypothesis that increased ex ante climate risks such as flood or greater variability of local rain will lead to smaller probabilities of non-head members having the same occupational characteristics as the head of the household is true if α 4 or α 5 are negative and significantly different from zero.
Regular floods have traditionally been beneficial in Bangladesh (Yu et al 2010) . However, high magnitude floods can have adverse effects on the rural households in the area. Historically flood prone Upazilas may benefit from normal floods and have negative effects from high level floods. One of the beneficial effects of normal flood is less dependence on local rainfall. Thus, agricultural activities in historically flood prone Upazilas may not face the same local rainfall variability risks as compared with non-flood prone Upazilas. To test this hypothesis we estimate the occupational choice models separately for the historically flood prone Upazilas and non-flood prone Upazilas.
If households consider high river-bank floods from regional rainfall variability to be the more important risk as compared with the local rainfall variability, then we expect local rainfall variability in historically flood prone Upazilas to have no effects on the occupational focus or diversity within household. On the other hand, in Upazilas those are not historically flood prone, and thus do not benefit from normal floods, or adversely affected by high floods we expect households to be sensitive to local rainfall variability in their occupational choices.
Policy actions by the government and the NGOs cannot directly reduce the climate risks. However, extra resources made available through policy actions may help households mitigate the ex ante climate risks without occupational diversification that may lower household welfare. We consider three factors that can be altered by policy action, access to credit, access to social safety-net, and access to market.
If households have access to credit then diversification in occupational and employment choices in order to insure welfare against ex ante climate risks may be less urgent as compared with no access to credit. Similarly access to social safety-net may act as an insurance against ex ante climate risks. Finally access to market may make new resources available to households allowing better protection against ex ante climate risks.
In order to analyze how the access to resources made available through policy actions mediate the effects of ex ante rainfall variability risks on household welfare we use a variant of equation (1):
Where PA ju /u is one of the three policy action variables for the household I in Upazila u. Note, access to credit and safety-net is at household level while access to market is at Upazila level. Equation (2) highlights the interaction term between RV u and PA ju /u .
The effects of rainfall variability risks on occupational choice that are not influenced by policy action variables are captured by the b 4 and as before we expect b 4 to be negative. For households influenced by policy actions, such that they have access to credit, safety-net, or market, the additional effects of rainfall variability risks are captured by b 6 . Since we expect the policy actions to reduce the negative effects of rainfall variability risks on household welfare, we expect b 6 to be positive. The net effect of rainfall variability and policy action on household occupational choices is then measured by (b 4 + b 6 ). If (b 4 + b 6 ) is not significantly different from zero, then the policy action is effective in completely mitigating the effects of the rainfall variability risks on occupational choices.
Welfare effects of climate variability
We believe if households diversify their occupational and employment portfolio to cope with flood or local rainfall variability then they may have no option but to choose occupations and employment with lower productivity and income. Since we cannot directly measure household members' productivity, we focus on per capita consumption expenditure as a measure of household welfare. If household members accept less productive occupations to cope with local rainfall variability, then we expect households living in high rainfall variability Upazilas to have lower per capita consumption welfare.
We examine how rural household welfare, measured by per capita consumption expenditure, is affected by flood and local rainfall variability. We test the hypothesis that households are unable to completely mitigate the negative effects of flood or local rainfall variability risks. Where the negative effects of local rainfall variability are significant on household welfare, we further test the hypotheses that policy variables such as access to credit, and safety-net are effective means of reducing the negative welfare effects of local rainfall variability.
To test the hypothesis ex ante climate risks such as flood-prone areas, and higher local rainfall variability has negative effects on consumption welfare of the households, we estimate reduced form models of per capita consumption expenditure as a function of household, and Upazila characteristics as well as ex ante climate risks:
where C ju is the per capita consumption expenditure of the household j in Upazila u. The effects of flood on consumption may either be positive or negative. If the benefits of normal flood is greater on average than the costs of coping with flood risks, then γ 4 will be positive. On the other hand households' choice of diversity in occupation and other coping strategies may have a negative effect on consumption making γ 4 negative.
We anticipate γ 5 , the coefficient of local rainfall variability to be negative for two possible reasons. First, if households cope with rainfall variability with low return but diverse occupations, we expect consumption to be low. Second, households may also self insure themselves by reducing consumption and increasing savings. Low risk low return occupations as well as self insurance with higher liquid assets both result in lower capital accumulation at the household level.
We test the hypothesis that occupational choice is a significant pathway by which local rainfall variability negatively affects consumption welfare. To this end, we estimate consumption as a function of household occupational focus and other factors, where the occupational focus variable is treated as endogenous and is instrumented by the local rainfall variability measure. Thus, our strategy is to estimate the instrumental variable model as follows:
where OCCU ju takes the value 1 if the head another member in household j in Upazila u has the same occupation or employment characteristics. We test for the endogeneity of OCCU ju. Under the null H 0 OCCU ju is treated to be exogenous. If the negative effect of local rainfall variability on consumption is through the occupational choices of the households, we expect the null to be rejected. We also test the null that RV u is a weak instrument for OCCU ju using Anderson-Rubin Wald test test for weak instruments.
In order to analyze how the access to resources made available through policy actions mediate the effects of ex ante rainfall variability risks on household welfare we use a variant of equation (3):
where PA ju / u is either access to credit, access to safety-net for household j in Upazila u, or access to market in Upazila u. The effects of ex ante rainfall variability risks on household welfare that are not influenced by policy actions are captured by the δ 4 and we expect δ 4 to be negative. For households influenced by policy actions, such that they have access to credit, safety-net, or market, the additional effects of ex ante rainfall variability risks are captured by δ 6 . Since we expect the policy actions to reduce the negative effects of ex ante rainfall variability risks on household welfare, we expect δ 6 to be positive. The net effect of ex ante climate risks and policy action on household welfare is then measured by (δ 4 + δ 6 ). If (δ 4 + δ 6 ) is not significantly different from zero, then the policy action is effective in completely mitigating the effects of the ex ante rainfall variability risks on household welfare.
To understand the relationship between consumption welfare, policy actions and, in the flood prone Upazilas and non-flood prone Upazilas, we also estimate the equations (1)-(4) separately for the flood prone and non-flood prone sub-samples where we exclude the FLOOD u indicator variable from the models.
Partitioning the sample into flood prone and non-flood prone Upazilas may give rise to selection bias as floods and rainfall variability may be correlated. We note in Table 1 , average rainfall variability in the non-flood prone Upazilas is very similar to that in the flood prone Upazilas. The various control variables at the individual, household, and Upazila levels further reduce selection bias concerns from unobservable factors that may influence individual occupational choices and household consumption expenditure.
We expect normal floods to substitute for rainfall in meeting cropping needs in the flood prone Upazilas. Thus, households in the flood prone Upazilas face lower risks from local rainfall variability. Therefore, we expects the effects of local rainfall variability to be stronger in the non-flood prone Upazilas and weaker and possibly unmeasurable in the flood prone Upazilas.
Results
First, we estimate models of various measures of occupational focus and employment types on the pooled sample of historically flood prone Upazilas and non-flood prone Upazilas. Pooling of these two sub-samples allows us to determine how households in flood prone Upazilas differ in terms of their occupational focus as compared with those in non-flood prone Upazilas.
Second, we estimate the models of occupational focus separately on flood prone and non-flood prone Upazilas and test the hypotheses that local rainfall variability have and household occupational focus relationships are different in the non-flood prone Upazilas as compared with its flood prone counterparts.
Finally, we test the hypotheses regarding how historically flood prone Upazilas and local rainfall variability affects household consumption. The models are estimated for the pooled sample as well as separately for historically flood prone and non-flood prone Upazilas. We also test the hypotheses that policy related variables such as access to credit, safety net, and market lowers the ex ante risks of households living in historically flood prone areas, or local rainfall variability.
Climate risks and occupational focus
The main results of estimation of equation (1) for the pooled sample of flood prone and non-flood prone Upazilas are in Table 2 . The full model includes the following member characteristics: age of the nonhead member, indicators that the member is female, literate, and married. The model also include the household characteristics: the numbers of 10 plus years females and males in the household, the number of dependents, the indicators that the age of the head is more than 65 years, the head has at least primary education, the head is female, the household owns more land than the sample mean, the household has access to electricity, and phone services as well as the Upazila level population. These variables have expected signs where significant and we do not report their coefficients in the body of the paper to conserve space.
We find households cope with flood and local rainfall variability in different ways. For example, nonhead working members and the heads of a household are less likely to be in the same occupation, in the same sector, or both in agriculture if the household lives in the flood prone Upazila (Table 2 Part A) . This means households are likely to use sectoral diversification to cope with flood risks. On the other hand, households more likely to diversify between self and wage employment to cope with local rainfall variability.
Part B shows alternate results of the same set of estimations using weather station interpolated measures of local rainfall variability. We find that weather station interpolated measures are not always statistically significant. This may be due to the less sophisticated interpolation methods used in our station based measure of local rainfall variability as compared with the data from CRU. Thus we focus on the results from the CRU data in the rest of the paper.
One possible reason for the insignificant relationships between occupational focus and local rainfall variability may be because "normal" flood may reduce the dependency on local rainfall in crop cultivation. Thus, households living in flood prone Upazilas may use normal flood water as a substitute for rain and irrigation water. If this is correct, households in flood prone Upazilas would face different sets of risks as compared with the households in non-flood prone Upazilas.
To test this hypothesis we estimate separate models for non-flood prone Upazilas and flood prone Upazilas. As expected, we find households in non-flood prone Upazilas use sectoral diversify as well as self versus wage employment to cope with local rainfall variability (Table 2 Part C). On the other hand, since "normal" flood insulates households from local rainfall variability risks in flood prone Upazilas, households there do not need to use sectoral or employment diversity to cope with local rainfall variability (Table 2 Part D) .
The results presented in Table 2 indicate that availability of water from "normal" flood where present may reduce the ex ante risks from local rainfall variability. Thus, households use sectoral diversification to avoid flood risks in historically flood prone Upazilas. In the non-flood prone Upazilas both occupational and employment type diversification take place within households to avoid the risks stemming from local rainfall variability. Robust z-statistics in parentheses based on PSU level clusters *** p<0.01, ** p<0.05, * p<0.1 Note: The dependent variables for each column are (1) "Same Occupation as Head," (2) "Same Sector as Head," (3) "Both in Agriculture", (4) "Both self-employed," (5) "Both in the same sector and self employed," and (6) "Both self employed in agriculture" respectively. Full estimation results are in the annex Table A3, Table A4 , Table A5 , and Table A6 .
Policy interactions
The three policy action variables, access to credit, safety net, and market are expected to reduce occupational choice constraints. That is, if households have access to credit, safety net, or market, households may cope with floods or local rainfall variability without resorting to diversifying to those occupations with lower but less risky income. We expect the coefficients of these indicators to be negative and find that to be true where significant.
To test the hypotheses that policy action variables, access to credit, safety-net, and market may help mitigate the effects of flood and rainfall variability risks on occupational choices, we estimate the equation (2) for the households in the non-flood prone Upazilas. Table 3 presents the relevant coefficients, their interactions, and the test of the sum to be 0 for the selected equation (2).
Access to credit and safety net have some dampening effects on some of the measures of sectoral and employment diversity attributable to flood and local rainfall variability risks. For example, in the flood prone Upazilas members of the households with access to credit or safety net are more likely to be in the same occupation as compared with households in flood prone Upazilas with no access to credit or safety net (Table 3 , columns 1 and 2). Thus, access to credit or safety net is helpful to some extent to the households in the flood prone Upazilas in reducing the need to diversify into different occupation.
On the other hand, access to market may completely obliterate the households' need to diversify into different occupations if they live in flood prone Upazilas (Table 3 , column 3). The interaction between access to market and flood prone Upazilas is positive and significant and almost as big in magnitude as the coefficient of the flood prone Upazila by itself. This implies the strong positive effects of the interaction between market and flood completely cancels out the negative effects of flood on need to diversify into different occupations.
The effects of the policy action variables are similar when we consider local rainfall variability in the nonflood prone Upazilas. We have already established that local rainfall variability is only important to the households who live non-flood prone Upazilas. Thus, the analysis of policy interaction with local rainfall variability is only relevant for households in non-flood prone Upazilas.
For example, in the Upazilas with high local rainfall variability, members of the households with access to credit or safety net are more likely to be self employed in agriculture as compared with households in Upazilas with high local rainfall variability and no access to credit or safety net (Table 3, columns 16 and  17) . However, the coefficients of the interaction between local rainfall variability and access to credit and safety net are small as compared with the coefficients of local rainfall variability by itself. Thus, access to credit and safety net is unable to completely negate the need diversify from self employed agriculture to other economic activities when households are faced with higher local rainfall variability.
As with the flood risk, access to market may completely obliterate the households' need to diversify from self employment in agriculture if they live in Upazilas with high local rainfall variability (Table 3 , column 18). Thus we find that access to market may prevent households to be pushed to occupational and employment diversification while access to credit or safety net does not completely prevent such push from flood and local rainfall variability.
These results are not robust to the choices of different occupational focus indicators used in the left hand side of the equations. In some of these cases the interaction coefficients have the unexpected negative sign. In others we do not get the differentiated results between access to credit or safety net in one hand and access to market in the other. These results suggest access to credit or safety net may have similar effect on sectoral or employment focus of households as access to market. These results are presented in Table 3 , columns 4 through 15. Robust z-statistics in parentheses based on PSU level clusters *** p<0.01, ** p<0.05, * p<0.1. Full estimation results are in annex Table A7, and Table A8 Welfare effects So far we have seen that flood prone Upazilas, and local rainfall variability pushes households to diversify their occupational choices. We have also seen that policy action variables like access to credit, safety net, and market may reduce or eliminate the need to diversify that stems from either living in flood prone Upazilas, or living in Upazilas with high rainfall variability.
To test the hypotheses that household members accept less productive occupations to cope with local rainfall variability, or flood, we focus on per capita consumption. We expect households living in high rainfall variability Upazilas to have lower per capita consumption welfare.
A similar argument can be made about flood risks and low productivity leading to low consumption. However, others have shown that "normal" flood may increase productivity and wage rates (Islam et al 2004 , Quasem 1992 , Banerjee 2007 . Thus, productivity loss from diversification may be partly or fully compensated by the productivity gains from "normal" flood.
The key results of equations (3) are presented in Table 4 . Columns 1, 2, and 3 of Table 4 show the estimation coefficients for the household consumption equation (3) for the pooled sample and for historically non-flood prone, and flood prone Upazilas respectively. In the pooled sample (column 1) the coefficient of the flood prone indicator variable has the right sign but is not statistically significant. That is, households living in historically flood prone Upazilas do not appear to have lower (or higher) consumption as compared with those in non-flood prone Upazilas after controlling for other factors.
The insignificant coefficient of the flood prone indicator may be explained by two reasons. First, the beneficial effects of low level floods may compensate the risks of high flood risks to some extent. Second, the ability to diversify occupational choices within household in the historically flood prone Upazilas as evidenced in Table 2 may allow households to better protect their consumption welfare. The effects of local rainfall variability on consumption welfare is negative and significant in the pooled sample (Column 1) as well as in non-flood prone Upazilas (Column 2) and in flood prone Upazilas (Column 3). Thus households in Upazilas with higher rainfall variability have lower consumption after controlling for other factors. Beneficial effects of low level floods may compensate for some of the local rainfall variability as the size of the coefficient of local rainfall variability for flood prone Upazilas (Column 3) is 22 percent smaller than that for the non-flood prone Upazilas (column 2).
To test the structural hypotheses that local rainfall variability affects welfare through occupational choices we estimate the IV equations (4) and (5) for non-flood prone Upazilas. Table 5 shows the second stage coefficients of equation (5) for three measures of occupational focus: (1) the head and at least one member of the household are self employed, (2) the head and at least one member of the household are self employed in the same sector, and (3) the head and at least one member of the household are self employed in agriculture. As before the dependent variable is log of per capita monthly consumption. We find that occupational focus within household increase welfare. In all cases the OLS estimates (columns 1, 3, and 5) are smaller than the IV estimates (columns 2, 4, and 6). This is consistent with our earlier results and the hypothesis that the OLS estimates capture both the direct positive effect of occupational focus as well as the indirect negative effects of local rainfall variability on consumption. The null that the occupational focus variables are exogenous is rejected for all the 3 measures of occupational focus at 5 percent level of significance or better. The Anderson-Rubin Wald test for weak instruments rejects the null at 1 percent level or better for all three measures of occupational focus. Thus, the IV estimations confirm our hypothesis that the household adaptation to higher local rainfall variability by occupational diversification comes at a cost of welfare loss.
The estimates of the consumption models with the interactions terms between local rainfall variability and access to credit, safety-net, and market (equation 6) are in Table 6 . The results are not qualitatively different from the estimations of the occupational equation (2) for households focused on self employed agriculture. Columns (1), (2), and (3) show the consumption estimates models with interactions between rainfall variability and access to credit, safety-net and market for households in non-flood prone Upazilas. We find that the net effect of rainfall variability and access to credit or safety-net on consumption is negative and significant (columns 4 and 5). That is, access to credit or safety-net does not completely mitigate the negative effects of rainfall variability on consumption welfare. On the other hand, we cannot reject the null that local rainfall variability has no effect on consumption in households with access to market.
Conclusions
When households' choices of diversity in economic activities are driven by push factors households attain income stability by sacrificing higher returns. We find that rural households in Bangladesh are pushed to diversify between sectors and employment types to cope with historical flood and local rainfall variability risks. However, our findings suggest households chose sectoral diversity to mitigate historical flood risks. That is, members of the same households choose occupations in different sectors to mitigate flood risks.
As expected, in the historically flood prone Upazilas local rainfall variability plays a less significant role in households' occupational choice decisions. On the other hand in non-flood prone Upazilas local rainfall variability plays a significant role in household occupational and employment diversity choices. In particular, households living in Upazilas with high rainfall variability are more likely to be diversified between sectors, such as agriculture versus non-agriculture, as well as between self versus wage employment choices.
We find that, in non-flood prone Upazilas households with head and non-head members self employed in agriculture enjoy higher consumption welfare as compared with the households who choose to diversify. However, households faced with higher rainfall variability are less likely to have both members self employed in agriculture. Higher rainfall variability also accounts for significantly lower consumption welfare in non-flood prone Upazilas.
Policy action variables such as access to credit and safety-net lower the likelihood of pushed occupational diversification when faced with higher rainfall variability. However, access to credit and safety-net cannot completely eliminate the households' need to diversity in order to cope with rainfall variability. The net negative effects of rainfall variability and access to credit or safety-net on consumption welfare suggests households who face higher rainfall variability but have access to credit or safety-net still face welfare loss due to ex ante rainfall variability.
Our results suggest access to market, on the other hand, may provide households with other strategies to cope with rainfall variability and eliminate the need to choose a lower welfare providing diverse portfolio of occupations between household members. Households in non-flood prone Upazilas who face higher rainfall variability but has access to market are as likely to have both members self employed in agriculture and have higher consumption welfare as compared with households who face less variable rainfall in non-flood prone Upazilas.
Households in Bangladesh are pushed to maintain a diverse occupational and employment portfolio to cope with local rainfall variability resulting in a loss of household welfare and productivity. Since flood water reduces dependency on local rainfall, these effects are strongest in the Upazilas not prone to flooding. While access to credit or safety-net does not completely eliminate the need to choose a lower return diverse occupational portfolio, access to market may provide alternate coping opportunities that preserve consumption welfare and occupational focus when households are faced with rainfall variability risks. 
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